Introduction
Grain boundary structure of ceramics is strongly influenc ed by the sintering process.1) Some well-known methods to improve the properties of silicon nitride (Si3N4) are: (1) controlling the composition of sintering aids ,2) (2) controll ing the amount of sintering aids,3) (3) grain boundary crystallization controlling crystallization of the grain boundary,4)-6) and so on. An in situ Si3N4 composite (synergy ceramics), a fine Si3N4 dispersed with large elongated -Si3N4 particles, has become of major interest recently.7)-10) By enhancing the grain growth of Si3N4 , ther mal conductivity increases up to 140Wm-1K-1.8) Some in situ Si3N4 composites have direction dependent mechanical properties such as strength and fracture toughness.9), 10) Since microstructure of in situ Si3N4 com posites is the most effective factor influencing these proper ties, microstructure analysis is important.
Generally, microstructure of ceramics is analyzed by transmission electron microscopy (TEM). TEM allows grain boundary structure of a limited part to be analyzed, but not the whole sintered body. Then electron back scat tered diffraction (EBSD) patterns11), 12) have been used to analyze grain boundary structure of the whole sintered body by observing the crystallographic orientation of all par ticles using field emission scanning electron microscopy (FE-SEM). Usually the EBSD method is applied to rolled metallic materials,13) but not ceramics . A ceramic material has a complex crystal structure and non-conductance , therefore, it is very difficult to analyze its crystallographic orientation. In this study, we analyzed the crystallographic orientation of ceramics of cubic and hexagonal structures by EBSD method, and are succeeded to analyze crystallographic orientation of in situ -Si3N4 composite con taming elongated -Si3N4 particles.
2. Experimental procedure 2.1 Sample preparation 2.1.1
Standard samples Single crystals of silicon (cubic: Fd3m), MgO (cubic: Fm3m) and sapphire (corundum: R3c) are used as the stain dard samples for verifying the precision of the EBSD method.
2.1.2 In situ Si3N4 composite Manufacturing of the Si3N4 samples was done as follows. Raw powder of -Si3N4 (Denki Kagaku Kogyo, SN P21FC), sintering aids of 0.5 mol% Y2O3 and 0.5 mol% Nd2O3 and 5 mass % rod like -Si3N4 grains for seed were mixed together with ethanol, then formed by tape casting for seed grains alignment. This was sintered at 1940 for 30min under 1MPa of nitrogen and hot-pressed at 2000 for 2h under 30MPa of a uniaxual pressure in nitrogen. This gave in situ -Si3N4 composite containing large elongated -Si3N4 particles.8)
2.2 Analysis of crystal structure Figure 1 shows a schematic illustration of the grain boun dary structure evaluation device (EBSD analysis) which in cludes the FE-SEM and crystallization orientation imaging microscopy analysis device. The ceramic sample was install ed at a 70 angle in the FE-SEM sample chamber. When the electron beam hit a grain of the sample surface, back scat tered electrons were generated. The back scattered elec trons hit the phosphor screen and were detected by a high sensitivity TV camera. The resulting image was called an electron back scattered pattern. The pattern was made up of several bands that were produced by diffracting planes in the crystal lattice. The crystallographic orientation could be determined from these bands. Crystallographic orientation of Si3N4 particles was determined by scanning EBSD pat terns for every 1-m space in the region of 100 and 200m. The axes defining the reference system were RD (reference direction) for one axis, TD (transverse direct ion) for the second axis and ND (normal direction) for the third axis. In this case, ND was the hot-pressing direction and TD was the alignment direction of seed grains. Figure 4(a) shows an image quality map of the scanned area in the in situ Si3N4 composite. Crystal orientation of 68% of mapping data is determined. The im age quality map shows some grain morphology. Black in dicates areas that correspond to unacceptable data areas for which the crystal structure cannot be confirmed. Grain boundaries are shown in Fig. 4(b) . A thick line is drawn bet ween two neighboring points if their misorientation exceeds 15. The elongated -Si3N4 particles align in the TD from the grain boundaries. The crystallographic orientation of a particle for each measurement point is examined about the ND from mapping data for Fig. 4 . Figure 5 shows the in verse pole figure map, along with the corresponding tiled in verse pole figure. Each color corresponds to an alignment of crystal orientation with the ND. Figure 5 indicates that
(1010) and (1120) planes of the elongated particles are oriented to the ND (hot-pressing direction). Crystallo graphic orientations of particles oriented to the ND, TD and RD directions are analyzed. 
planes of almost only elongated particles match the ND (hot-pressing direction), but the other side RD are random. The hot-pressing pressure causes almost only elongated -Si3N4 particles to be arranged in the most stable state, i.e., (1010) planes are arranged perpendicular to the hot-pressing axis. This is an interesting subject of study. It is important to analyze microstructure of the sintering stage to assist in improving thermal conductivity and mechanical properties of in situ Si3N4 composites. 
Conclusions (1)
We verified to analyze the crystallographic orienta tion of complex structured ceramics by EBSD method us ing single crystals for standard material.
(2) EBSD method was successfully applied to examine crystallographic orientation of in situ -Si3N4 compound con taining elongated -Si3N4 particles.
(3) Elongated Si3N4 particles grew in the alignment direction of seed grains.
(4) Growth direction and side planes of the elongated Si3N4 particles are influenced by alignment of seed grains and hot-pressing pressure.
